The H5N8 influenza subtype has been involved in the global spread of the Guangdong 12 variant of the H5 hemagglutinin. The sequence data from all of the complete genomes 13 from the H5N8 subtype was used to analyse the genotype diversity. Clustering analysis 14 was used to assign lineages to each of the segments where different lineages were 15 present. The results show that there have been multiple reassortment events both within 16 the Guangdong and non-Guangdong H5 hemagglutinin containing variants. The 17 Guangdong H5 variants can be subdivided further into two sub-lineages 2.3.4.4.A and 18 2.3.4.4.B that have undergone reassortment in both the far east and the United States. 19
Introduction 22
The H5N8 influenza subtype is of considerable interest because of its potential global 23 impact in spreading the Guangdong variant of the H5 hemagglutinin [1] .
25
The highly pathogenic avian influenza virus (HPAIV) H5 hemagglutinin originated in a 26 goose in Guangdong in 1996 [2] . This lineage has subsequently been classified into 27 subgroups/clades by the World Health Organisation [3, 4] . This H5-HPAIV nomenclature 28 can be used to examine the diversity of the viral proteins in the H5N8 subtype.
30
Previously the HPAIV H5 Guangdong lineage had been limited to Asia but the 2014 H5N8 31 outbreak in Korea was spread through wild bird migration to Western Europe and North 32 America [5] [6] [7] [8] [9] . The H5N8 subtype was spread via long range bird migration [10, 11] . In
33
North America there was a rapid reassortment that produced the H5N2 subtype which then 34 spread across the US during 2015 [12, 13] 
43
Pairwise distance methods can be used in order to calculate the diversity of the nucleotide 44 or protein sequences and in order to cluster the sequences into groups [19] . Where there is 45 considerable diversity and where the functional properties of the gene are being analysed 46 it makes more sense to use the protein sequence rather than the nucleotide sequence.
48
Within the sequence alignments there are patterns of conserved and variable amino acids 49 that can be used to define sub-groups for the different proteins. These sub-groups can be 50 identified rapidly by carrying out cluster analysis using the matrix of pairwise distances 51 between sequences [20] . For the H5 hemagglutinin protein these sub-groups can be 52 checked against the existing WHO H5 sub-clade nomenclature [3] . For the other viral 53 proteins there is no currently available classification but it is possible to measure the within 54 group diversity of the clusters to show that the clustering is reliable. 
117
NS1 (nonstructural-1), NS2 (nonstructural-2), PA (polymerase acidic), PB1 (polymerase 118 basic-1) PB2 (polymerase basic-2).
120
The number of clusters identified for each protein are given in table 3. The plots of within group sums of the squares for the other proteins can be found in 143 supplementary materials figures S11-S17
122

145
The cluster numbers were assigned to the sequences for each of the different segments.
146
These clusters represent different lineages of the viral protein segments. From cluster 147 assignment the unique genotypes were determined. Each genotype represents a different 148 combination of clusters (lineages) for the different viral protein segments.
150
The 31 complete or almost complete genotypes are shown in Table 4 along with their 151 representative strains. Representative strains are the first occurrences of that specific 152 combination of viral protein segment lineages. From the summary statistics for the pairwise distances between the sequences it is clear 165 that there is very little variation between the matrix 1 (M1), NP, polymerase acidic (PA),
166
polymerase basic 1 (PB1) and polymerase basic 2 (PB2 proteins. These proteins are well 167 conserved as they are not under the same degree of selection as the other proteins. The
168
polymerase genes need to be conserved in order to form a functional polymerase together.
169
The M1 and M2 proteins are on the same viral segment but evolve at different rates. This 170 suggests that it is more appropriate to classify the virus at the protein rather than the viral 171 segment level and to look at evolution on a gene by gene basis.
173
The biggest differences are in the non-structural proteins (NS), but these differences are 
201
The number of clusters for the other proteins is summarized in table 3 and the graphs of 202 WGSS for each protein are given in supplementary figures S11-S17. 
217
The presence of a single cluster for the HA sequences containing non-Guangdong H5 218 sequences as well as Guangdong sequences coupled with the division of the 2.3.4.4.
219
clades into two distinct clusters shows that there is more variability within the Guangdong 220 2.3.4.4 clade than there is between Guangdong and non-Guangdong sequences. This
221
suggests that the nomenclature for H5 HA needs to be revisited in order to take the non-
222
Guangdong sequences into account.
224
The first outbreak of H5N8 was in a goose Ireland in 1983 is found in cluster 3 of the HA 225 clusters. This is the only genotype containing the cluster 5 lineage of the N8 
